The potential for sexual conflict to influence the evolution of life span and aging has been recognized for more than a decade, and recent work also suggests that variation in life span and aging can influence sexually antagonistic coevolution. However, empirical exploration of these ideas is only beginning. Here, we provide an overview of the ideas and evidence linking inter-and intralocus sexual conflicts with life span and aging. We aim to clarify the conceptual basis of this research program, examine the current state of knowledge, and suggest key questions for further investigation.
S
exual conflict arises because the sexes maximize their fitness via different, and often mutually incompatible, strategies, and its signature has been detected across a wide range of morphological, physiological, behavioral, and life-history traits in many species. A number of investigators have suggested that sexual conflict could play an important role in the evolution of two particularly interesting life-history traits: life span and aging (Svensson and Sheldon 1998; Promislow 2003; Bonduriansky et al. 2008; Maklakov and Lummaa 2013) . Sexual conflict can affect life span and aging rate at both proximate (within-generation) and ultimate (evolutionary) scales. Sexually antagonistic behavioral or physiological interactions that increase mortality rate in one or both sexes (interlocus sexual conflict) could drive the evolution of faster life histories. Moreover, sex-specific optimization of reproductive strategies may often result in sex differences in life span and aging rates, and sexually antagonistic selection on shared genetic architecture can displace one or both sexes from their sex-specific optima for these traits (intralocus sexual conflict). Conversely, a change in life histories because of environmental fluctuations could affect the degree of sexual conflict in a population and influence sexual coevolution. Although evidence for sexual conflict is rapidly accumulating, our understanding of its relationship to life span and aging remains rudimentary. In this review, we provide a critical review of recent literature and highlight areas that require further investigation.
(typically males) that function to manipulate individuals of the opposite sex (usually females) into mating at a suboptimal rate (Parker 1979; Arnqvist and Rowe 2005) . Such interactions may reduce life span or increase aging rate in one or both sexes and could thus influence the evolution of life histories. Male strategies that function to increase female mating rate or reproductive investment can increase immediate mortality in females through direct injury, resulting in reduced female life span. For example, in natural populations of many species of waterfowl, forced copulation of females by one or more extra-pair males appears to be a common phenomenon. Because females vigorously resist mating with extra-pair males, forced copulation attempts can result in severe injuries, and in extreme cases even death, for the female (Adler 2010) . Similarly, in feral sheep, females are exposed to high levels of male harassment and injury during the breeding season, resulting in a female-biased mortality rate (Réale et al. 1996) . Male-imposed injuries to females through coercive mating strategies are documented across taxa, sometimes resulting from bizarre adaptations, such as the "hypodermic genitalia" found in the true bug infraorder Cimicomorpha (Heteroptera), in which males inseminate females by stabbing them in the abdomen, often resulting in injury and infection (Stutt and Siva-Jothy 2001; Tatarnic et al. 2014) .
Although mating-related injuries to females have generally been regarded as a side effect of male reproductive strategies, some investigators have suggested that such injuries may be adaptive for males. Injured females may be less likely to remate (to avoid further costs), thus reducing the risk of sperm competition for the males (Johnstone and Keller 2000) . Injured females may also respond by increasing immediate reproductive output as a form of "terminal investment," an increased reproductive investment in individuals nearing the end of life (as conceived by Williams 1966) , resulting in more or higherquality offspring for the male (Michiels 1998) . However, this idea remains controversial and requires direct empirical support (Morrow et al. 2003) .
In addition to bodily injury, females may also suffer life span -reducing mating costs through exposure to sexually transmitted infections and parasites, as well as mating-related behaviors that reduce the ability to forage or increase vulnerability to predation (e.g., Jennions and Petrie 2000; Arnqvist and Rowe 2005) . In water striders, premating struggles drastically increase the likelihood of predation, and females faced with such mortality risk often respond by engaging in "convenience polyandry" (Rowe 1994) . In some species, males appear to intimidate females into mating by drumming on the water surface during struggles-a behavior that attracts predators, which are more likely to attack the female than the male (Han and Jablonski 2010) .
In some species, sexually antagonistic interactions may result in latent costs that elevate aging rate. Latent costs may result from somatic wear and tear associated with courtship or premating struggles. For example, in the neriid fly Telostylinus angusticollis, both sexes suffered accelerated aging when the operational sex ratio was biased toward the opposite sex (Adler and Bonduriansky 2011) . Males may use strategies that elevate female investment in the current reproductive bout. Such a strategy can maximize a male's fitness gain from the mating, but can result in latent costs for females as a result of the trade-off between reproduction and somatic maintenance (sensu Kirkwood 1977) . Awell-known example of a male adaptation to increase female immediate reproductive investment is the "toxic ejaculate" of male Drosophila, laden with accessory gland proteins (Acp), such as the "sex peptide," that can increase female oviposition rate but reduce life span (Chapman et al. 1995; Wigby and Chapman 2005) , although this effect has been shown to vary with female nutritional status . Similarly, males may be selected to elevate female resource allocation to offspring via epigenetic modification of genes in the sperm genome that are involved in resource extraction from the mother (Moore and Haig 1991; Haig 2000) . Like Acp-mediated effects on female fecundity, such parent-of-origin (genomic imprinting) effects on female resource al-location are thought to result in latent costs (i.e., accelerated aging) in females (Haig 2000) . Females are expected to retaliate by silencing the corresponding genes in the egg-a parental tugof-war that may account for the evolution of genomic imprinting at some loci (Moore and Haig 1991; Haig 2000) .
Environmentally Mediated Changes in the Degree of Sexual Conflict May Affect Life Span and Aging Rate within Populations
There exist some interesting examples of environmental changes that alter the degree of sexual conflict within populations and thereby also bring about changes in life span and aging in females and/or males. Magurran and Seghers (1994) found that female guppies in high-predation sites reduced defense against unwanted males, whereas males at such sites exhibited more coercive behaviors. Because females in high-predation sites experienced an extremely high frequency of male harassment (approximately one sneaky mating attempt per minute), they tended to mate at higher than optimal rates and potentially experienced increased survival costs as a result. Hall et al. (2009) subjected a species of cricket with nuptial feeding behavior to experimental evolution under diets of varying quality. The investigators found that females from populations that evolved on a poor-quality diet exhibited increased nuptial feeding, which resulted in reduced male life span. Indeed, any ecological change that affects the intensity of sexual conflict could thereby affect life span and aging, at least in the short term.
Evolutionary Consequences of Interlocus Sexual Conflict for Life Span and Aging
Interlocus sexual conflict can result in a coevolutionary "arms race" between the sexes, in which the evolution of a male manipulative trait is countered by the coevolution of a female resistant trait, which then selects for increased manipulativeness in males, and so on. But investment in manipulative or defensive traits may come at the cost of survival. Promislow (2003) suggested that species experiencing pervasive sexual conflict are likely to have high mortality rates, because of both the harm inflicted on one sex by the other and the costs of developing traits designed to manipulate or resist the other sex. Although the mortality costs of sexually antagonistic interactions occur on a proximate level, standard evolutionary models predict that increased background mortality rate will result in the evolution of faster aging (Medawar 1946; Williams 1957) . Moreover, selection may favor increased resource allocation to manipulative or defensive traits at the cost of investment in late-life survival, such that in populations with high rates of sexual conflict, faster life histories (and increased aging rates) may evolve.
It is important to note, however, that sexual conflict, even if it increases female mortality, might not have the effect of selecting for reduced life span or increased aging rate. Chen and Maklakov (2012) recently showed in the nematode Caenorhabditis remanei that high mortality rates resulted in the evolution of reduced life span only when mortality was random. In contrast, condition-dependent mortality resulted in the evolution of increased life span. Condition-dependent mortality may also account for the evolution of extended life spans in guppies from high-predation environments (Reznick et al. 2006) . Insofar as sexually antagonistic interactions result in condition-dependent mortality, sexual conflict could result in strong selection on condition and thus drive the evolution of extended life span and reduced aging rate Maklakov and Lummaa 2013) . Interestingly, however, male harassment of females can also result in negative condition-dependent mortality, as has been shown for Drosophila melanogaster, in which males selectively harass larger (more fecund) females, perhaps thereby reducing the advantage for females of expressing a high-condition phenotype (Long et al. 2009 ). The consequences of sexually antagonistic interactions for mortality rate, and the relation between mortality and condition, require further research.
DOES INTRALOCUS SEXUAL CONFLICT AFFECT THE EVOLUTION OF LONGEVITY AND AGING?
Sex-Specific Selection Affecting Life Span and Aging
The distinct reproductive strategies pursued by the sexes may often generate very different patterns of selection on strategies that affect life span and aging. In particular, the sex (typically males) that competes more strongly for access to mates tends to be selected to pursue a "live fast, die young" strategy, sacrificing longevity for reproductive opportunity. This is because the sexes usually encounter different "opportunity landscapes," with the sex that experiences stronger sexual competition typically in a position to gain more fitness through risky or costly strategies with a high potential short-term payoff ( Fig. 1 ). Consider a "typical" mating system involving males that compete for matings and females that compete for resources and invest heavily in offspring. For a female, high fitness can accrue only gradually, through successful accumulation of resources and production of young (Vinogradov 1998) . Although female reproduction is resource-limited and females compete for resources, the fitness payoff from a highquality resource patch is moderated by the amount of time required to exploit the resource and the many additional steps involved in the reproductive process. It rarely makes adaptive sense for a female to risk death or substantial somatic damage or to make a large resource investment, for a chance to acquire a food morsel or nesting site. In contrast, for a male, a single successful mating with a high-quality female can represent a considerable fitness gain. Thus, we suggest that males may often be selected to take greater risks than females or to invest a A B Short-term reproductive investment Potential short-term fitness payoff Figure 1 . In a "typical" mating system involving stronger sexual competition among males and greater investment in offspring among females, the sexes tend to encounter different "opportunity landscapes" that generate sex-specific selection on longevity and aging rate. (A) Females can gain fitness only in relatively small increments (small apples), by accumulating resources and converting those resources into offspring. In contrast, males have greater opportunity for large, short-term fitness gain (large apples) through mating. (B) Thus, for males, large, short-term investments in reproduction (including strategies that involve high risk of injury or death) may be favored by selection because such investments may result in large fitness payoffs. In contrast, females cannot gain equally large short-term fitness payoffs and may therefore be selected to pursue relatively safe, long-term strategies involving greater risk avoidance and larger investment in somatic maintenance.
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larger quantity of limiting resources for the sake of a reproductive opportunity, thereby sacrificing longevity for reproductive opportunity. This is because the potential short-term fitness payoffs available to males tend to be relatively large, such that males have a higher maximum potential reproductive rate than females (Vinogradov 1998). The sex-specific optima for reproductive investment and life-history scheduling can be manifested in sexual dimorphism for a wide range of behavioral, physiological, and even morphological traits. For example, it is well established in many species that males are prone to engage in risky behavior, such as intrasexual combat over resources or sexual activity in the presence of predators (Andersson 1994; Magurran and Seghers 1994; Candolin 1998 Golinski et al. 2011) , and there is evidence of a link between testosterone titer and risk-taking behavior (Sapienza et al. 2009; Stanton et al. 2011) . Although the relationship between testosterone and sexual behavior appears to be complex (Marler and Moore 1988; Foerster and Kempenaers 2005; McGlothlin et al. 2008) , there is evidence of sexually antagonistic selection on testosterone titer (Mills et al. 2012 ). In addition to stimulating risk-taking behaviors, testosterone also suppresses the immune system (Duffy et al. 2000; Schroderus et al. 2010) . As a result of such phenotypic differences, females of many (but not all) species outlive males on average (Comfort 1979; Finch 1990) , although sex differences in aging rate are less clear ).
The Potential for Intralocus Sexual Conflict over Longevity and Aging
Like most other traits, the behavioral and physiological differences that contribute to differential survival and aging rate in the sexes are likely to share a common developmental-genetic architecture and can therefore be subject to intralocus sexual conflict. Because much of the genome is shared between sexes, sex-specific selection tends to favor different alleles at the same genetic loci in males and females, or to favor the same alleles to a different degree. Selection on one sex can thus displace the other sex from its sex-specific phenotypic optimum. Although selection will favor modifications that weaken genetic constraints on independent evolution of the sexes for such traits, a considerable body of evidence suggests that substantial sexually antagonistic fitness variation segregates in natural and captive populations (Bonduriansky and Chenoweth 2009; Cox and Calsbeek 2009; van Doorn 2009; Connalon et al. 2010) .
Establishing intralocus sexual conflict in relation to longevity and aging requires two pieces of information. First, it is necessary to show that selection on these traits is sex-specific. Intralocus sexual conflict becomes increasingly likely with increasing divergence between male and female fitness surfaces, and the most intense conflict occurs when selection is sexually antagonistic (i.e., acts with different sign on sexually homologous traits in males and females). Second, it is necessary to show that genetic constraints impede independent evolution of the sexes. The potential for intralocus sexual conflict increases as the magnitude of the intersexual genetic correlation (r mf ) increases (Lande 1980; Bonduriansky and Chenoweth 2009 ). However, a more complete picture of intersexual genetic constraints requires the estimation of the between-sex genetic covariance matrix (B), which incorporates constraints arising from genetic covariances between multiple traits (Lande 1980; Lewis et al. 2011; Gosden et al. 2012) . Because fitness and its life-history components are especially prone to environmental effects and genotype Â environment interactions (Roff 1992; Stearns 1992) , the most meaningful estimates of selection, as well as intersexual genetic constraints, will come from populations experiencing natural or seminatural environmental conditions.
Evidence of Intralocus Sexual Conflict over Longevity and Aging
Although the extent and intensity of intralocus sexual conflict in relation to longevity and aging rate remain poorly known, some intriguing evidence has come from studies documenting sexual dimorphism in longevity and/or aging, quantitative-genetic studies (sometimes combined with assays of sex-specific selection), and artificial evolution studies.
Evidence of Sexual Dimorphism in Longevity and Aging
The existence of sexual dimorphism in longevity and/or aging rate suggests that intralocus sexual conflict may have occurred during the evolution of these traits. However, in the absence of data on intersexual genetic constraints and sex-specific selection, such evidence is not sufficient to establish that intralocus sexual conflict is currently operating.
A few studies have compared longevity and aging in the sexes in natural or seminatural populations. In a natural population of black field crickets (Teleogryllus commodus), males experienced a higher mortality rate throughout the life span than females, but there was no evidence of faster aging in males (Zajitschek et al. 2009b) . However, in a study on the same species in seminatural enclosures, females exhibited a later-starting but more rapid pattern of actuarial senescence (an increase in mortality rate with age) than males (Zajitschek et al. 2009a) . In a natural population of the neriid fly Telostylinus angusticollis, extrinsic mortality rate was higher in females than in males, but actuarial aging was detected only in males (Kawasaki et al. 2008) . In a wild population of red deer (Cervus elaphus), males experienced earlier and more rapid reproductive aging than females, although different components of performance declined at different rates in each sex (Nussey et al. 2009 ). In a natural population of blue-footed boobies (Sula nebouxii), the sexes exhibited similar patterns of reproductive senescence (Kim et al. 2011) . In free-ranging populations of 24 species of large mammals (Bovidae and Cervidae), males experienced a higher mortality rate and more rapid actuarial senescence than females on average (Lemaitre and Gaillard 2013) . A number of studies have also compared longevity and aging in the sexes in the laboratory (e.g., Kawasaki et al. 2008; Rodríguez-Graña et al. 2010; Ceballos and Kiørboe 2011; Archer et al. 2012b ). However, data on laboratory populations must be interpreted with caution, given that relative mortality and aging rates of males and females may be environment-specific.
Some tentative, correlational evidence is also starting to emerge for modern human populations (reviewed in Maklakov and Lummaa 2013) . Although women tend to outlive men in most contemporary human populations, sex differences in aging are much less clear, with some somatic indices of senescence showing more rapid deterioration with age in women. There is also evidence, from 18th-to 19th-century Finland, suggesting that the number of grandchildren produced increases with survival to old age for women but not for men (Lahdenpera et al. 2007 (Lahdenpera et al. , 2011 . However, in recent human populations, such patterns are likely to be shaped by cultural and socioeconomic factors.
Evidence from Quantitative Genetic and Selection Analyses
A quantitative-genetic analysis of black field cricket (Teleogryllus commodus) life history provided no evidence of intralocus sexual conflict over longevity, because it was found that r mf for this trait was not significantly different from zero (Zajitschek et al. 2007 ). Similarly, a very weak r mf for longevity was observed in the dung fly Sepsis cynipsea (Mühlhäuser and Blanckenhorn 2004) . A moderately strong and significant r mf for longevity (although not aging rate) was observed in D. melanogaster (Lehtovaara et al. 2013) . In contrast, in the cricket Gryllodes sigillatus, strong, positive r mf was observed for both longevity and aging rate (Archer et al. 2012b ). This study shows the potential for intralocus sexual conflict in G. sigillatus, but does not show that the sexes are actually displaced from their sex-specific phenotypic optima for these traits. Evidence suggesting intralocus sexual conflict over longevity also comes from a study on the moth Plodia interpunctella (Lewis et al. 2011) . Selection was found to favor longer life span (with diminishing returns) in males, but shorter life span in females. Although r mf for longevity was low, it was shown that multivariate genetic constraints, reflected in the malefemale genetic covariance matrix (B), would tend to greatly weaken the potential for each sex (but especially females) to evolve toward its sex-specific longevity optimum. Substantial sexual dimorphism was observed for longevity and other life-history traits, but it remains unclear how far each sex is displaced from its sexspecific phenotypic optimum by intralocus sexual conflict.
Evidence from Artificial Selection Studies
More compelling evidence of intralocus sexual conflict over longevity was furnished by Berg and Maklakov's (2012) experiment on Callosobruchus maculatus beetles. In this study, artificial selection on males was applied over five generations. Selection on male longevity resulted in a response in females as well, demonstrating a positive intersexual genetic correlation (r mf . 0) for longevity. Moreover, artificial selection on longevity had opposite effects on fitness in the sexes: In lines selected for longer life span, male fitness was (nonsignificantly) reduced, whereas female fitness was increased. These results suggest that, in the base C. maculatus population from which the experimental lines were derived, the sexes are displaced from their sex-specific longevity optima by sex-specific selection acting on a shared genetic architecture for longevity.
Where Is Intralocus Sexual Conflict Most Likely to Occur?
Intralocus sexual conflict in relation to longevity and aging rate can be predicted to occur in systems characterized by intense sexual selection on one sex. In such systems, the sexes are likely to exhibit highly divergent reproductive strategies and highly sex-specific patterns of selection on longevity and aging (Promislow 2003) . More precisely, the potential for intralocus sexual conflict in relation to longevity and aging rate should relate to differences between the sexes in the maximum potential rate of reproduction (Vinogradov 1998) . Although short-term reproductive payoff opportunities may be considerably greater for males in "typical" mating systems (Fig. 1) , the "opportunity landscape" experienced by the sexes is likely to depend on mating system parameters, such as the degree of skew in the male mating success distribution, as well as ecological parameters, such as the spatial/temporal distribution and fitness value of food or nest-site resources for females. If matings are relatively easy to achieve, and an additional mating represents only a small fitness gain for a male, then males are unlikely to benefit from taking high risks for mating opportunities, unless they can assess female mate quality and identify particularly high-value mates. Conversely, if food or nest-site resources are sparse, females may be selected to compete and take risks to secure access to them (CluttonBrock 2007 (CluttonBrock , 2009 ). Likewise, reversed sex roles may select for reversed patterns of selection on longevity and aging (Maklakov and Lummaa 2013) .
DOES VARIATION IN LIFE SPAN AND AGING AFFECT SEXUAL CONFLICT?
Above, we considered the potential for variation in the intensity of sexually antagonistic interactions (interlocus sexual conflict) or sex-specific selection on the life history (intralocus sexual conflict) to affect the expression and evolution of life span and aging. In the following section, we consider the converse possibility: the potential for variation in life span and aging rate to influence the intensity of sexual conflict.
Aging Can Generate Sexual Conflict
In age-structured populations, in which generations overlap, there is potential for conflict to occur over the age of mating partners. As fertility tends to increase early in life and then decline at older ages for most organisms, mating with a very young or very old individual has the potential to reduce fitness for the other mating partner. This can be true for both sexes, for numerous reasons, including reduced ability to provision or care for young and reduced fertility because of reproductive immaturity, low gamete number, or quality (Reinhardt 2007 ). In the case of very young mating partners, a number of studies have showed that the ability to mate successfully is no guarantee of full reproductive maturity. For example, in the male hide beetle Dermestes maculatus (Jones et al. 2007) and both sexes of the common lizard Lacerta vivipara (Richard et al. 2005) , young individuals produce fewer and less viable offspring. Old mating partners, on the other hand, are less likely to be virgin, and thus perhaps more likely to be gamete-depleted or to carry sexually transmitted diseases. Moreover, mutations may accumulate with age in germ cells, reducing the viability, size, or other fitness-related traits of offspring (Johnson and Gemmell 2012) . For example, in humans, advanced maternal age reduces offspring viability and survival and greatly increases risk of Down syndrome (reviewed in Gaulden 1992; Bewley et al. 2005) , whereas advanced paternal age increases incidence of childhood cancers and neuropsychiatric conditions such as schizophrenia and, fascinatingly, is associated with reduced cognitive abilities (reviewed in Cannon 2009).
Across species, avoiding mating with suboptimal partners is likely to be more important for females, because females typically invest more in offspring and thus have more to lose by poor mate choice. Because surviving to old age might indicate high genetic quality, although somatic condition invariably declines in old age, there is considerable debate about whether females stand to lose or gain, on the whole, by mating with old males (reviewed in Johnson and Gemmell 2012) . However, if old males represent suboptimal mating partners, females are expected to evolve preferences that reduce the likelihood of mating with them. Insofar as females can exert such preferences, there is no inherent conflict. However, sexual conflict may occur if males are able to deceive females about their age or if females are unable to choose. Female preferences for "honest" condition-dependent (i.e., costly) signals may be one mechanism by which females can discriminate against old males. For example, Velando et al. (2008) proposed that females may be able to avoid males with oxidatively damaged germline DNA by basing preference on oxidative-dependent sexual signals that decline with age and oxidative damage, such as foot color intensity in the blue-footed booby (Torres and Velando 2007) . However, as Kokko (1997) points out, other costly sexual signals may be fixed or may increase with the age of the male, potentially causing sexual signals to become dishonest and resulting in sexual conflict. For example, Dean et al. (2010) showed that male mating rate declines sharply with age in feral fowl (Gallus gallus domesticus), but male dominance rank only declines with age in malebiased sex-ratio groups. Thus, females in a nonmale-biased sex ratio group have the potential to suffer fitness costs from mating with lowfertility dominant males.
If selection tends to favor female avoidance of old males, this is likely to select in turn for increased male persistence or coercion with age. Old males may also elevate their mating effort because the opportunity costs of investing in current mating attempts should tend to decrease as a male ages and his chances of future mating decrease. In other words, selection may favor increased persistence as a form of "terminal investment." An example of this sort of exacerbated sexual conflict comes from the beetle Tenebrio molitor, in which females that mate with old males have smaller, lower-quality offspring (Carazo et al. 2011) . As a result, females resist mating with old males and reduce guarding of spermatophores from old males, whereas old males increase guarding of their own spermatophores postcopulation (Carazo et al. 2011) .
Males might also face costs by mating with old females, particularly in species in which males invest heavily in each mating. For example, in male copepods, mating entails high costs, and males are consequently limited in the number of females they can mate with during their short life span. Female fertility decreases with age, such that males waste reproductive investment by mating with subfertile females. Ceballos and Kiørboe (2011) suggest this scenario leads males to invest heavily in mate searching and to be particularly choosy. Even in systems in which males invest less per mating, there is potential for males to suffer fitness costs by mating with old females. Fricke et al. (2013) show that the increased egg-laying response of females to the male sex peptide is reduced in old females. As male ejaculate products have been shown to be costly for males to produce (Blay and Yuval 1997; Baker et al. 2003; Fricke et al. 2008) , mating with old females is likely to result in lost fitness for males.
Variation in Life Expectancy Can Modulate Sexual Conflict
As noted above, males in polyandrous populations are selected to manipulate the reproductive effort of their mates via accessory-gland products that induce elevated fecundity (Chapman et al. 1995; Wigby and Chapman 2005) or epigenetic parent-of-origin effects that result in increased extraction of maternal resources by offspring (Moore and Haig 1991; Haig 2000) . Such male strategies can confer benefits for males by increasing the number or quality of offspring produced from the mating, but females may suffer reduced fitness from overallocating resources to a single reproductive bout. These costs are likely to be latent-that is, manifested later in life as accelerated aging-because latent costs will have little or no effect on the fitness of the male that induces them. Thus, all else equal, the magnitude of such costs to females will depend on female longevity.
Interestingly, this suggests that female longevity may also determine the intensity of sexual conflict in such systems. Using a simple model, Bonduriansky (2014) showed that a change in background mortality rate (resulting, e.g., from increased predation pressure) can result in a short-term relaxation of sexual conflict: If female life expectancy is reduced, then maleinduced elevation in female reproductive effort may become less harmful for females. Similar reasoning suggests that sexual conflict intensity within populations may depend on female condition: If female mortality risk is condition-dependent, then high-condition females (whose life expectancy is high) may experience more intense sexual conflict than low-condition females (whose life expectancy is low). This logic can be extended to female age as well: The reduced opportunity costs of increased investment in current reproduction late in life might also reduce the intensity of sexual conflict experienced by old females. Indeed, there are a number of reports of increased reproductive investment in old females. For example, brushtail possum females increase investment in lactation and offspring production later in life (Isaac and Johnson 2005) , whereas old collared flycatcher females feed fledglings more and lose more weight, at the cost of survival to subsequent breeding seasons (Pärt et al. 1992) . The hypothesized link between female life expectancy and sexual conflict intensity awaits empirical verification.
DIRECTIONS FOR FUTURE RESEARCH
Research on the link between sexual conflict, life span, and aging is still in its early stages, and much work remains to be done. Below, we highlight some gaps in our current understanding and suggest potentially fruitful avenues for future investigation.
Although potential links between sexual conflict, life span, and aging were first identified many years ago, and a number of investigators have discussed this topic (e.g., Svensson and Sheldon 1998; Promislow 2003; Bonduriansky et al. 2008; Maklakov and Lummaa 2013) , there is a pressing need to explore these links more formally through analytical and simulation modeling. For example, it would be interesting to explore the consequences of the elevated mortality or accelerated aging that can result from sexually antagonistic interactions for the evolution of male and female life histories. It would also be interesting to model the effects of environmentally induced variation in aging rate on sexual antagonism. Likewise, although theory suggests that variation in extrinsic mortality rate can modulate the intensity of sexual conflict (Bonduriansky 2014) , it would be interesting to examine the consequences of long-term changes in mortality rate for sexual coevolution.
Many questions also remain for empirical investigation. With regard to intralocus sexual conflict, comparative, experimental, and geno- (Bonduriansky and Chenoweth 2009 ), but the relationship between mating system and selection on life span and aging may be complex. For example, in some species characterized by intense male -male competition, male fitness may depend largely on the ability to grow to a large body size, and males may therefore be selected for high investment in survival until the critical body size is attained (Graves 2007) . Other factors, such as sexual conflict over diet choice Adler et al. 2013; Reddiex et al. 2013) or the matrilineal inheritance of mitochondria, which limits the scope for evolutionary optimization of mitochondrial function in males (Dowling et al. 2008; Innocenti et al. 2011; Camus et al. 2013) , may also influence the dynamics of such conflicts. With regard to interlocus sexual conflict, recent evidence shows that costs to females of male manipulative strategies are likely to be highly context-dependent (Fricke et al. 2009a (Fricke et al. ,b, 2013 Edward et al. 2010 ). More research is thus needed to establish when and how male strategies impose harm, and how these strategies affect female fitness. To discern general patterns, we need studies under more realistic environmental conditions (see below), as well as on a wide variety of organisms.
A further problem, relating to all of the topics discussed in this paper, is that most of the available empirical evidence relates to life span (which is often used as a proxy for aging rate), although very little is known about the role of aging per se. As a general rule, longevity and aging rate may be expected to covary negatively among taxa because greater risk taking (e.g., by males in "typical" systems) may result in both elevated immediate mortality risk that reduces life expectancy and in greater somatic wear and tear that results in faster aging. Moreover, classic theory suggests that shorter life expectancy will lead to the evolution of faster aging (Williams 1957; Hamilton 1966) . However, predictions in relation to aging are complicated by several factors. First, much somatic damage can, in principle, be repaired, so a high rate of wear and tear may be balanced by a large investment in somatic repair. Second, longevity and aging rate may be nonindependent. For example, an organism that survives to an advanced age as a result of low mortality risk in early and middle age may eventually suffer very rapid somatic deterioration (Zajitschek et al. 2009a ). Third, when extrinsic mortality is nonrandom with respect to condition, elevated mortality can select for a more robust phenotype that ages less rapidly (Chen and Maklakov 2012) , and, in principle, males may therefore evolve to age less rapidly despite having a shorter life expectancy than females (Maklakov and Lummaa 2013) . Finally, the quantification of aging rate is a nontrivial problem because aging trajectories are often complex and nonlinear, and different components of performance may decline with age at different rates (Nussey et al. 2009 ). To understand the relationship between aging and sexual conflict, we need to know which features of the aging trajectory experience the strongest and most divergent patterns of selection in the sexes, and which are subject to the strongest intersexual genetic constraints.
Finally, empirical evidence on the relationship between sexual conflict, life span, and aging comes largely from laboratory studies. Although such studies allow for controlled experimentation, captive conditions may also affect (and often exacerbate) both inter-and intralocus sexual conflicts (Bonduriansky and Chenoweth 2009; Bonduriansky 2014) . For example, if life span is extended in the laboratory relative to the wild source population (Kawasaki et al. 2008) , then latent fitness costs of male manipulation may be more important for captive females than for their wild counterparts. Captive animals may also tend to experience higher population density than is typically the case for natural populations, and captive females may have little opportunity to escape from harassing males, potentially exacerbating the fitness effects of sexually antagonistic interactions. Likewise, because captivity tends to eliminate many sources of viability selection (most of which are shared by the sexes), while typically preserving sex-specific selection pressures associated with sexual competition, captive populations may experience more intense intralocus sexual conflict than wild populations. Even if model organisms such as Callosobruchus maculatus are well adapted to laboratory conditions, an environment in which predators and parasites are rare and resources are superabundant is probably not representative of the conditions experienced by most natural populations. To achieve a better understanding of the relationship between sexual conflict, life span, and aging, it will be necessary to carry out field studies, as well as laboratory studies that subject experimental animals to the kinds of challenges that are faced by natural populations.
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